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Abstract 
The present study illustrates an approach to map a landscape element typical of the Mediterranean rural landscape by 
integrating digitization from topographic maps and photo-interpretation on recent Google Heart imagery. The approach was 
applied to a case study in Greece. The location of water open reservoirs used for crop irrigation, taken as a typical element of 
the rural landscape in the area, was mapped through (i) digitization of Hellenic Military Geographical Service (HMGS) maps 
scaled 1:25,000 referring to late-1970s and (ii) interpretation of Google Heart Imagery referring to early-2010s with the support 
of ancillary data sources. Maps have been included into a Geographic Information System (GIS) incorporating layers, which 
describe land-use and population distribution. The cartography was processed to develop landscape indicators by using spatial 
analysis tools. The integration of digitization techniques with geographic information systems and spatial analysis represents an 
original approach for landscape assessment in areas suffering from the lack of digital information on the environment. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the 3rd International Conference on Integrated Information. 
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1. Introduction 
Landscape may be considered as composed by six compositional elements: landform, vertical structure, 
horizontal structure, vegetation, water and climate. Landscape forms, structures and diversity reflect a complex 
system of interrelated biophysical and anthropogenic elements that change rapidly according to external pressures 
of both natural and human origin. This system definitely needs a permanent monitoring to inform effective 
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conservation policies, especially for landscapes, which result more threatened by the human pressure. Landscape 
analysis benefits of integrated approaches encompassing geography, environmental science and information 
systems to evaluate characteristics and dynamics of different land-use types and elements (Detsis et al., 2010; 
Feranec et al., 2010; Geri et al., 2010). While nowadays monitoring techniques for land-use changes detection are 
relatively diffused, the characterization of specific (e.g. point) landscape elements over time and space is a research 
issue that deserves further efforts in both the theoretical and practical perspective. 
The Mediterranean rural landscape is one of the most rich in term of cultural and natural biodiversity in the 
world since it is characterized by specific structures, multifaceted functions and millenary interactions between 
humans and nature (Economidou, 1993). This landscape type, however, is shaped by drastic land-use changes 
mainly driven by urbanization, infrastructural development and cropland abandonment and needs specific 
approaches to map elements that could be degraded or destroyed by intense anthropogenic pressure (Skowronek et 
al., 2005). One typical example is provided by the traditional rural landscapes along the coasts or around the main 
cities in southern Europe (Couch et al., 2007). These landscapes are characterized by diversity in land-use and land 
cover, high vegetation and animal biodiversity, traditional crops and agricultural practices (irrigation, 
mechanization, rotation), local communities, archaeological places and millenary cultures which are being 
progressively threatened by urban sprawl (Galli et al., 2010). Just to cite three widely known cases, the peri-urban 
areas in Rome, Athens and Barcelona may properly describe changes in traditional and cultural landscapes at the 
fringe of large Mediterranean cities (Catalàn et al., 2008; Chorianopoulos et al., 2010; Salvati and Sabbi, 2011). 
Land-use changes in peri-urban areas are the results of multifaceted drivers and reflect the stratification of 
immediate and underlying factors determining urbanization-driven land conversion (European Environment 
Agency, 2006). In the Mediterranean Europe urbanization primarily involved poor-quality land, such as pastures, 
abandoned fields, and areas with spontaneous vegetation at the fringe causing only a moderate impact on high-
quality landscape and high-biodiversity ecosystems. More recently, however, an increasing proportion of rural 
high-quality land experienced changes in use and cover due to dispersed urbanization with important implications 
on landscape structure, quality, and diversity and the progressive destruction of traditional landscape elements 
(Weber et al., 2005; Catalàn et al., 2008; Frondoni et al., 2011). 
Cultural landscapes in rural areas represent the ‘combined works of nature and man’ (Birks et al., 1998; David et 
al., 1998; Farina, 2000; Fowler, 2003) and are widely regarded as coupled natural-human systems due to the 
emergence of traditional techniques and practices that have shaped the land for centuries (Head, 2000; Marcucci, 
2000; Agnoletti, 2007; Green, 2012). Many cultural landscapes are currently listed in the World Cultural Heritage 
list of UNESCO since they are “irreplaceable sources of life and inspiration” (UNESCO, 2012). However, human 
activities in rural and peri-urban areas can both create cultural landscapes with high aesthetic, cultural and 
ecological value or may result in land degradation and loss of biodiversity (Droste et al., 1995; Fraser Hart, 1998; 
Garcia Latorre et al., 2001; Wrbka et al., 2004). 
The present study contributes to the diachronic mapping evaluation of an element typical of the Mediterranean 
rural landscape by introducing a cartographic approach that integrates digitization from topographic maps and 
photo-interpretation on recent Google Heart imagery. The exact location of water reservoirs used for crop 
irrigation, taken as a typical rural landscape element in the area and in several other rural regions in southern 
Europe, was mapped through digitization of Hellenic Military Geographical Service (HMGS) maps scaled 1:25,000 
and referred to late-1970s and interpretation of Google Heart Imagery dated 2011-2013 with the support of 
ancillary data sources like Landsat imagery and recent high-resolution land-use cartography. The approach was 
applied to a case study in Greece (Thriasio, Attica), an area characterized as rural at the beginning of the study 
period that experienced a rapid urban development and industrialization following land abandonment and migration 
from abroad. 
Maps have been included in a Geographic Information System (GIS) incorporating layers, which describe land-
use, settlements and population distribution. The derived cartography was processed with the aim of developing 
landscape indicators using spatial analysis tools (e.g. density of reservoirs, mean neighbor distance, regularity or 
clumpiness in spatial distribution). The integration of mapping and digitization techniques with geographic 
information systems and spatial analysis produces novel approaches for landscape assessment in areas suffering 
from the lack of digital layers describing the basic characteristics of landscape. 
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2. Methodology 
2.1. Logical framework 
Irrigation is a typical practice in Mediterranean dry agricultural systems. Water used for irrigation is diverted or 
withdrawn from natural stream flow, aquifers and springs. Ground water is used where surface supply is not 
economically or physically available or when better water quality is required. Much of this withdrawn water is 
stored in open reservoirs that also serve other uses such as recreation, flood protection, flow regulation, and allow 
managers to deliver water at times of need. Surface-water-delivery systems include natural and man-made 
channels and pipelines. Ponds (small water reservoirs) may be made by water damming on a small stream but there 
are also dug ponds or small ground depressions filled with water. Small water ponds are the ones that have 
capacity of less than 100 000 m3 and damming height not exceeding 1.0 m (Mioduszewski, 2012). Despite small 
capacity, such reservoirs have considerable economic, hydrologic and environmental significance. Reservoirs can 
have many functions from both the productive and ecological point of view. If they are designed and constructed 
properly they can be a valuable element of the natural landscape in rural areas. Small reservoirs serve both 
recreational (decorative) purposes and water treatment/ground water recharge purposes, as well as contribute to 
sustain a high biodiversity of plants and animals, mainly insects. 
2.2. Study area 
Thriasio plain (central Greece) is one of the lowlands of Attica region. The investigated region (110 km2) 
consists of three municipalities (Elefsis, Aspropyrgos, Mandra including the community of Magoula) located 20 
km west of Athens (Fig. 1) and surrounded by high relief (Parnitha, Pastra and Pateras mounts) with a mostly 
smooth surface morphology, slightly inclined towards the sea, with slope less than 3%. Climate is dry (with 
average annual precipitation below 400 mm) and hot in summer, with annual air temperature averaging 19°C and 
determining high crop evapotranspiration rates (Karavitis et al., 2001). Soils are dry for the largest part of the year 
and the area lacks of perennial water sources. Thriasio was renowned in ancient times as a sacred place devoted to 
ceremonies (e.g. the Elefsinian Mysteries) and the agriculture has been the main productive sector in the area for 
centuries. Both rainfed (e.g. wheat, olive, vineyards) and irrigated crops (e.g. garden crops, other fruit trees) were 
(and, in part, are) cultivated in the area (Salvati and Mavrakis, 2014). Unfortunately, Thriasio is actually known 
more for the concentration of industries (mostly oil refineries, steel industries, steelwork and chemical industries, 
cement industries) rather than for the historical traditions of the past (Mavrakis et al., 2012).  
Since the last fifty years, Thriasio underwent massive industrialisation coupled with a remarkable population 
growth. The area experienced immigration for the first time in 1922, where Greeks escaping from Turkey settled in 
Elefsis, the main urban centre of the region. Before World War I only ten important industries were active in the 
area, among which a cement industry and several glass industries. Population grew by 5.7% in this period with an 
annual rate ranging from 0.8% observed in Magoula to 7.3% in Elefsis. Population increased by 4.4% per year 
between 1951 and 2011 with a rate ranging from 8.3% in Magoula and 1.7% in Elefsis. In the 1950s the massive 
industrialization of the area led to the transformation of land from rural to urban uses and the concentration of 
workers from the whole country. 
After 1971 Mandra and Magoula showed a faster rate of population growth, the latter also having been boosted 
by the construction of social housing at the borders with Elefsis. During 1981-1991 population growth rate 
doubled, as far as a large number of small industrial units, scattered across the area, were established, resulting in a 
parallel concentration of workers migrating from other parts of Greece. Based on the last census of population, 
Aspropyrgos become the highest populated municipality of Thriasio, and only 10% of the economically-active 
population in Thriasio worked in the primary sector, while the secondary and tertiary sectors occupied respectively 
65% and 25% of the economically-active population. Interestingly, only 45% of workers were permanent residents 
in Thriasio. Actually the area is one of the most populated in Greece with mixed land-uses spanning from compact 
and dispersed urban areas to agricultural and pastoral land (Fig. 1, right). 
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Fig. 1. (left) The boundaries of the investigated area and the main urban centers of Thriasio (ASP: Aspropyrgos, MAG: Magoula, MAN: 
Mandra); (right) the position of Thriasio and Athens in Attica region. 
The open reservoirs found in Thriasio are mainly sized 8●8●1.8 m. In some cases also very small reservoirs 
were constructed with a size of 6●6●0.8m. They represent one of the most traditional and common landscape 
elements in the rural areas (Mavrakis and Salvati, 2014). Until the early 1990s, the majority of them were active 
and mainly used for irrigation. During the last fifteen years, due to rapid urban expansion, many of them were 
abandoned and some completely destroyed. Two examples of small open reservoirs in Thriasio are illustrated in 
Fig. 2. 
 
  
Fig. 2. (left) A normal size abandoned open reservoir in Aspropyrgos; (right) an active reservoir used for irrigation in the outskirt of 
Aspropyrgos, 1 km far from the centre. 
2.3. Cartographical techniques and analysis 
The present paper illustrates an integrated approach to map diachronically the spatial distribution of open 
reservoirs in Thriasio as a contribution to the analysis of landscape changes in a formerly rural area experiencing 
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rapid land-use changes. The location of open reservoirs was mapped in two periods (late-1970s and early-2010s) 
through (i) manual digitization from the Hellenic Military Geographical Service (HMGS) map scaled 1:25,000 and 
(ii) interpretation of Google Heart Imagery dated 2011-2013 with the support of secondary data sources like 
Landsat imagery and recent high-resolution land-use cartography and a field survey. HMGS produces and supplies 
topographic maps of various scales in analog, raster and digital form. Map coverage refers to the whole country. 
The maps used the Hellenic Geodetic Reference System 1987 (HGRS87 or ΕΓΣΑ'87) which specifies a Transverse 
Mercator Projection mapping Greece in one zone. In the present study, the geo-referenced 1:25.000 topographic 
map ('Elefsis' sheet) was used as a primary information source. This color map (see Fig. 2) reports a broad standard 
categorization of land-uses (e.g. urban areas and forest lands) together with infrastructural and landscape elements 
of interest for environmental and agrarian studies, including wells and active open reservoirs for irrigation.  
To map open reservoirs in the most recent period we followed the approach proposed by Vidal et al. (2011) for 
the census of residential swimming pools in Barcelona region, an area with similar settlement and land-use 
characteristics to Attica. From high-resolution Google Heart imagery dated 2011-2013 (according to map 
availability in the different parts of the investigated region) we performed an on-screen digitization of reservoirs 
carried out homogeneously by one of us (AM) under the supervision of an operator with wide knowledge of the 
study area (LS). Several images were selected with dates encompassing June-September of the three mentioned 
years to achieve an homogeneous coverage of the whole study area in a period when the existing reservoirs are 
used by farmers for irrigation (pers. obs.). Only the centroid of each pool was digitized in order to have a final 
point shapefile map compatible with the ArcGIS map obtained for late-1970s. To verify the reliability of Google 
Heart imagery as a source of information for reservoirs in Thriasio, an independent digitization session from orto-
photographical maps taken in the same period (the most recent available at the scale 1: 5000). We complemented 
these sources with a field survey carried out by one of us (AM) in spring-summer of the same years. 
A topographic and building map (1: 5000) provided by the Hellenic Statistical Authority (ELSTAT) covering 
the whole Attica region together with the Athens' Urban Atlas land-use map (scaled 1:10,000 and dated 2010: 
European Environment Agency, 2010) were overlaid to the reservoir's maps to highlight the actual use of land 
where reservoirs where located in the late-1970s. To study the spatial distribution of reservoirs a nearest neighbor 
distance analysis was carried out based on the 'spatial statistics' tool provided by ArcGIS 9.3 software (ESRI inc., 
Redwoods, USA). Random, clustered or dispersed patterns were verified according to the z statistic testing at p < 
0.05. 
3. Results and discussion 
A total of 153 active reservoirs was recorded in the first period and decreased to only six in the second period. 
Many of them were abandoned during the early 1990s due to land conversion towards urban uses (Salvati and 
Mavrakis 2013). The distribution of reservoirs was relatively homogeneous in late-1970s apart from the compact 
urban areas of Elefsis and Aspropyrgos while in early-2010s all active reservoirs were found in the agricultural 
area surrounding Aspropyrgos. According to the Nearest Neighbor Distance analysis, the distribution of reservoirs 
in late-1970s was classified as 'random': while somewhat clustered, the pattern may be due to random choice (z = -
1.45, p > 0.05). In the early-2010s, the distribution of reservoirs was classified as 'dispersed' (z = 2.64, p < 0.05) 
possibly indicating a substantial change in the structure of the agrarian landscape due to urbanization.  
While in the late-1970s reservoirs were distributed all around the compact urban centre (located in the middle of 
the map) indicating that all the non-urban area was occupied by farms, in early 2010s only scattered farms were 
active in Aspropyrgos irrespective of the distance from the inner city. Interestingly, from a preliminary field survey 
carried out by the authors in 2008-2009, no active reservoirs were found in the area due to extensive land 
abandonment preceding urbanization. This result suggests that in the most recent years some farmers came back to 
the land due to the economic crisis and started reusing reservoirs to irrigate garden crops. 
4. Conclusions 
This study contributes to the monitoring of traditional landscape elements in peri-urban regions by analyzing a 
rural dry Mediterranean area. This area experienced a long-term human pressure due to industrialization, real estate 
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speculation, agricultural intensification and, at the same time, land abandonment. Comparable socioeconomic 
phenomena can be observed in similar contexts in other countries of the Northern Mediterranean basin (Italy, 
Spain, Portugal). A progressive degradation of the rural landscape has been observed in Thriasio due to population 
increase, forest fires, unauthorized urban expansion and infrastructure development. The region represents the most 
degraded area in the whole Attica as far as vegetation and landscape quality is concerned (Georgiadou-Kypriaiou, 
1979). 
Landscape transformations reflect (i) a simplification of the agricultural mosaic landscape (e.g. vineyards, 
orchards, olive groves) in flat and coastal areas; (ii) the consolidation of a fragmented rural non-farm landscape 
dominated by low-density settlements; and (iii) the homogenization of natural landscapes with the disappearance 
of woodlands (due to forest fires) and the concentration of shrub land and pastures in internal areas due to cropland 
abandonment. Without effective monitoring and conservation measures, this process may became an 
environmental spiral leading to soil, land and ecosystem degradation and landscape deterioration from the aesthetic 
point of view (Salvati and Sabbi, 2011). 
However, although agriculture plays a secondary role for Thriasio, some areas are yet destined to olive groves 
and vegetable crops the products of which are sold in the local market. The ineffectiveness of planning policies, 
partly due to a culture of ‘spontaneity' and ‘planning deregulation’, may degrade these residual landscapes and 
determine ecological conditions that are harmful for the environment and the well-being of resident population 
(Ioannidis et al., 2009).  
Nowadays, environmental policy tends to be more oriented than in the past, in preserving the natural 
component of the landscape including also the cultural and human component. This is more important when 
humans have interacted with their environment for centuries or even millennia using natural resources in a 
sustainable way. Small water reservoirs play an important role in rural areas. They used to be very popular, but 
most of them have been devastated in the last century. Typical landscape elements such as reservoirs should be 
considered in protection strategies for Mediterranean rural landscapes conserving the environmental and cultural 
heritage which has been recognized world-wide (Vos and Meekes, 1999). Based on simple procedures and easily 
accessible cartographic materials, an assessment scheme such as the one proposed in the present paper contributes 
to inform more effective policies for the conservation of traditional rural landscapes. 
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